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Metamorphosed igneous rocks in northern Vermont can be directly linked to equivalents in Québec and provide important constraints on tectonic GeOIOQy Department, M'ddlebury College, M'ddlebury'VT 05753, CO'Sh@m'ddlebury°edu' Vermont Geological Survey, St & Caldwell
models for the New England-Québec Appalachians. Four magmatic suites in west-central Vermont can be correlated across the international border: 1 National Drive, Davis 2, Montpelier,VT 05620-3902 owe dlawe
1) Neoproterozoic rift volcanics A; 2) Neoproterozoic rift volcanics B; 3) Early Paleozoic suprasubduction ophiolitic rocks; 4) Early Paleozoic suprasu- A.
bduction arc-backarc dikes and volcanics. Neoproterozoic rift volcanics A are represented by greenstones in the Pinnacle & Underhill Formations of | | | G EOC H E M | STRY 2% Laurentia A SR AT T e e SRS | ate stage of first rifting event that eventually
Vermont and by the Tibbit Hill volcanics of Québec.They were alkali to tholeiitic basalts with high-Ti, light rare earth element-enriched composi- . led to formation of lapetus ocean
tions. Neoproterozoic rift volcanics B are represented by greenstones in the Stowe Formation of Vermont and metavolcanics in the Caldwell Forma-
tion in Québec. They have moderate Ti contents and show light rare earth element depleted or flat patterns. Both groups are interpreted as mag- Cram Hill and Bolton Metavolcanics
matism associated with the opening of the lapetus Ocean. Cambrian-Ordovician suprasubduction ophiolitic rocks are preserved in Vermont as par- apet eablished. Rifti hifts inland
tially serpentinized ultramafic bodies (e.g., East Dover, Ludlow) and as meta-volcanics and dikes in the Warner Hill Complex of northern Vermont. 100 600 _ 100 apetus .oce.an gs ablis ? R lng s. Ifts in arT
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High Cr/Al chromites within olivine grains in serpentinites and boninitic-like geochemistry in some of the meta-volcanic rocks indicate formation in ] Cram\l;hll ForTat'O” - | 20 : Bo'tcg‘ \{g'ca”'CS where Tibbit Hill volcanics erupt in intraconti
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a fore-arc setting. These may be correlated to the Mont-Orford or Lac-Brompton ophiolites in Québec. Early Ordovician? suprasubduction zone vol- f VIORB, BABE, CFB [ nental failed? rift.
canic remnants are found throughout the Moretown and Cram Hill formations in Vermont.These include dikes of the Mount Norris Igneous Suite, @10 = A 50 @10
the extent of which has recently been expanded, and flows of the Coburn Hill volcanics.Their chemistry, particularly distinct negative Nb anomalies, C§> 8| ol C§> Québec Ophiolites |
indicates they were formed in a marginal basin near a volcanic arc. These may be correlatives of the Bolton volcanics in Québec.The four volcanic D > 100 5 C Closure of western lapetus and formation of
groups can be explained as remnants of: 1) two stages of continental rift magmatism leading up to formation of lapetus, 2) fore-arc ophiolites & 200 1 — G/t 3 - he@'b”me FElIBETE supra-subduction ophiolites west of the Shel-
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formed above an east-facing subduction zone that also formed the Shelburne Falls arc,and 3) magmatism associated with lithospheric delamina- & 100 I & P burne Falls arc
tion associated with collision of Laurentia with the Shelburne Falls arc or magmatism in a back-arc basin behind the Ascot arc. Y Ascot Complex Basalts d
0
= 0 5000 10000 15000 20000 25000 -
0.1 N T N TN NN N NN S NN M M Ti (ppm) 0.1 N I N N TN N N TR N NN N SR
71°30'W 71°0'W, ' ' — g
- cC 2 ® © & T E E B8 2 > > 5 g & c 2 8 ¢ 5 2 EF R L 3> w £ 2 Cram H|” & BOltO .
| I. G EOLOG'C SETTI NG aos?® = < » O F O = - -0 = @ © " = > D. Cram Hill & Boltgn Ascot Complex arc
S . . . . . . o o . . . . .
General Geolo of parts of 6(0\)996 The distinctive negative Nb-anomaly of samples from this group suggest they formed in the vicinity of a volcanic arc. A marginal (back-arc) basin setting is preferred because the Nb -
gy P Q)Q@é\ 2b anomaly is moderate, the basalts show a range of Ti contents typical of MORB and back-arc basin basalts (BABB), and there is a notable lack of felsic metavolcanics.. Note that basaltic | SN
Northern Vermont and $ & / compositions from the ~460 Ma Ascot arc show lower Ti, typical of arc volcanics. Data sources: Bolton Volcanics (Melancon et al., 1997); Ascot Complex (Tremblay et al., 1989).
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S * Warner Hill-Troy 500 Lac Brompton - Cram Hill - Bolton lavas may have formed as: 1) delamination-generated magmatism after collision of
e i - Tiv=10 26, Mont Orford Shelburne Falls arc with Laurentia (left diagram) or perhaps in a back-arc basin west of the Ascot Com-
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; m 4 A m plex arc which could have formed following a subduction-polarity flip (right diagram).
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9 e : E"atCOB”r‘:r:pton Remnants of Cambrian to Ordovician magmatic rocks can be directly traced across the Vermont- Quebec
SEvam 0 —— border in only two places:the Tibbit Hill volcanics and the Bolton volcanics (see map). Other correlations
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- Low Ti,and U-shaped rare earth element patterns are characteristic of boninitic rocks; negative Nb anomalies in other samples suggest formation in the vicinity of a volcanic arc.The Mafic rocks on both sides of the border trace the opening of lapetus ocean in two stages at ~565 Ma
o occurrence of boninitic and low-Ti arc-like samples suggest formation in a fore-arc region. Data on chromite from ultramafics in Vermont are also consistent with formation in a (Stowe-Caldwell) and ~550 Ma (Pinnacle-Tibbit Hill). Initial stages of closing of lapetus is preserved as
R fore-arc region (Coish, 2010). Data from Québec ophiolites are from Huot et al. (2002) and De Souza et al. (2008). Fields in the Ti-Zr diagram are from Shervais (1982). ophiolite remnants (Warner Hill Complex and Québec ophiolites), formed in the fore-arc region of an east-
h Fayston Formator Warner Hill dipping subduction zone. Marginal basin mafic rocks of the Cram Hill and Bolton Volcanics units may have
% s o omaten. formed as either delamination magmas following Shelburne Falls arc-continent collision or as back-arc
5:5;"'2::’;:::““ | magmas behind a new west-facing arc established following collision of the Shelburne Falls arc with the
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